INTRODUCTION
The Snoek effect is a well known point defect relaxation in bcc metals (6). As pointed out in the previous papers (1, 4, 7) , the Snoek peak can be transformed under appropriate conditions of plastic deformation into the Dislocation-Enhanced Snoek Peak (DESP), which occurs at nearly the same temperature as the Snoek peak. To summarize the work on the DESE in high purity Fe-C, Fe-N alloys, and in Fe-C-N Armco iron of technical purity, it can be said that a good deal of evidence can be fitted together to support the claim that the carbon and nitrogen DESE/C,N/ in a -Fe is connected with the movement of non-screw (71°) dislocations, which is controlled by the carbon or/and nitrogen Snoek-type point defect relaxation. It should be pointed out, that although the Snoek peak and the corresponding DESP occur at the same temperature, and the activation parameters of the DESE are very similar to those of the Snoek effect the DESP is no longer a point defect relaxation. According to Magalas (1, 4, 7) , the salient features of the DESE in iron are:
i.) The DESP/C,N/ occurs in freshly deformed iron, provided dynamic strain ageing at room temperature (RT) is eliminated by fast cooling from RT to 77 K. ii.) The DESP/C,N/ occurs at the same temperature as the corresponding Snoek peak. iii.) The relaxation strength of the DESP/C,N/ is proportional to the amount of plastic deformation at RT. Thus the relaxation mechanism responsible for the DESE must involve the movement of dislocations.
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Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1987825 iv.) The DESP/C,N/ shows a lognormal d i s t r i b u t i o n of t h e r e l a x a t i o n times; t h e DESP/C,N/ is e s s e n t i a l l y broader than t h e s i n g l e Debye peak.
v.) The enhancement of t h e carbon o r n i t r o g e n Snoek peak due t o p l a s t i c deformation is s t r o n g e r f o r lower concentrations of f o r e i g n i n t e r s t i t i a l atoms (FIAs). vi.) The DESE/C,N/ is a metastable relaxation. The thermal i n s t a b i l i t y of t h e DESE/C,N/ is due t o d i s l o c a t i o n pinning by FIAs (C,N).
The foregoing paper aims at evidencing of t h e occurence of t h e carbon DESE/C/ i n high p u r i t y i r o n doped with d i f f e r e n t concentrations of carbon. The evolution of t h e carbon DESP/C/ during low temperature annealing is a l s o reported. F i n a l l y , an attempt is undertaken t o confirm t h e existence of t h e carbon DESE/C/ i n i r o n doped with high concentration of carbon (1000 a t . ppm), which is t h e l e s s favorable condition t o observe t h e DESE/C/. The experimental r e s u l t s obtained i n t h i s s t u d y a r e i n agreement w i t h t h e r e s u l t s of Magalas e t a l . ( 1 , 4 , 7 ) and corroborate t h e presence of a strong, a n e l a s t i c r e l a x a t i o n r e f e r r e d t o here a s t h e carbon Dislocation-Enhanced Snoek E f f e c t -DESE/C/.
2.EXPERIMENTAL METHOD
Experiments were made with high p u r i t y i r o n doped with d i f f e r e n t carbon concentrations. The sample preparation of t h e CEN.Grenoble i r o n doped with 1000 o r 50 ppm of carbon is described elsewhere (5). Regarding t h e concentration of carbon i n t e r s t i t i a l atoms, t h e samples a r e r e f e r r e d t o a s A f o r 1000 ppm, and B f o r 50 ppm.The specimens ( 1 mm diameter, 50 mm length) were s a t u r a t e d from 720°C (under argon atmosphere) i n t o cold water. A f t e r t h e s a t u r a t i o n treatment, t h e s u p e r f i c i a l oxide l a y e r was removed by chemical polishing and t h e samples were s t o r e d i n l i q u i d nitrogen. The carbon concentration i n s o l i d s o l u t i o n a s estimated from t h e height of t h e carbon Snoek peak was: 680 ppm f o r sample A, and 25 ppm f o r sample B.
The i n t e r n a l f r i c t i o n ( I F ) and s h e a r modulus ( G w f 2 ) were measured i n an inverted t o r s i o n pendulum, o s c i l l a t i n g near 1 Hz, a s a f u n c t i o n of temperature with a c o n t r o l l e d heating o r cooling r a t e of 100 K/h i n t h e resence of a magnetic f i e l d of 200 Oe. The maximum shear s t r a i n amplitude w a s 1+10-< A f t e r cold work (CW) a t RT by t o r s i o n i n s i d e t h e pendulum t h e samples were immediately cooled down t o 77 K.
RESULTS
Experiments have been c a r r i e d out i n order t o study t h e e f f e c t of p l a s t i c deformation on t h e carbon Snoek r e l a x a t i o n i n iron. The I F and shear modulus were measured a s a function of temperature from 150 K t o 400 K. The transformation of t h e carbon Snoek peak i n t o t h e carbon DESP/C/ w i l l be demonstrated i n i r o n doped with high ( Fig.1 ) o r low ( Fig.2 ) concentrations of carbon.
3.1. The carbon DESE/C/ i n i r o n doped with 1000 ppm of carbon.
The i n i t i a l carbon Snoek peak obtained a f t e r t h e s a t u r a t i o n treatment is shown i n Fig.1 , curve 1 , l ' f o r sample A. The Snoek e f f e c t is accompanied by a modulus defect, curve 1'. I n f r e s h l y s a t u r a t e d i r o n , from t h e temperature of t h e maximum carbon s o l i d s o l u b i l i t y , an a g e i n g e f f e c t a t room temperature is a n i n e v i t a b l e process. I n f a c t ,
d i s l o c a t i o n pinning can be observed i n t h e modulus curve s t a r t i n g f r o m t h e carbon Snoek peak temperature (curve 1 ' ) . It i s important t o o u t l i n e t h a t p l a s t i c d e f o r m a t i o n a t RT was c a r r i e d o u t a f t e r t h e first I F measurement of t h e carbon
Snoek peak, i.e., t h e sample had been annealed a t 400 K before t h e f i r s t CW took place. A f t e r 14 $ CW a t RT one can observe t h e carbon DESP/C/ a t nearly t h e same temperature a s t h e carbon Snoek peak ,(curve 2). I n addition, t h e DESP/C/ is s u b s t a n t i a l l y wider i n comparison with t h e carbon Snoek peak. Thus, t h e @ parameter of t h e lognormal d i s t r i b u t i o n of t h e r e l a x a t i o n times f o r t h e carbon DESP/C/ is @ = 4 .
The carbon DESP/C/ detected i n t h e IF experiments is accompanied by continuous d i s l o c a t i o n pinning, which starts here as low a s 260 K , curve 2 ' . Hence t h e d i~l o c a t i o n pinning is responsible f o r t h e asymmetry of t h e DESP/C/ and a l s o causes thermal i n s t a b i l i t y of t h e DESE/C/ i n iron. F i n a l l y , t h e DESP/C/ disappears a f t e r annealing a t 690 K, curve 3. The influence of t h e amount of t o r s i o n a l p l a s t i c deformation a t RT on t h e height of t h e carbon DESP/C/ obtained a f t e r background s u b t r a c t i o n is shown i n Fig.4 , curve 1.
3.2 The carbon DESE/C/ i n i r o n doped with 50 pprn of carbon. S i m i l a r experimental procedure and I F experiments have been c a r r i e d out with sample B. Thus, t h e behaviour of t h e carbon DESP/C/ can be d i r e c t l y compared i n t h e c a s e of deformed i r o n doped w i t h h i g h o r low carbon c o n c e n t r a t i o n s , i . e . , containing r e l a t i v e l y high o r low concentrations of carbon atoms i n s o l i d solution. A t y p i c a l example of t h e carbon DESP/C/ i n i r o n doped with low concentrations of carbon i s shown i n Fig.2 a f t e r 10 % CW a t RT (curve 2 , 2 ' ) . The DESP/C/ is influenced by t h e carbon Snoek-Ktster r e l a x a t i o n which occurs here around 545 K Fig.2, curve 2 ' ) . The influence of t h e amount of p l a s t i c deformation a t RT on t h e height of t h e DESP/C/ i s shown i n Fig.4 , curve 2. The evolution of the I F and s h e a r modulus a f t e r 10% CW a t RT i s shown i n Fig. 3 a s a function of successive annealings a t 305 K. 
3.3
The carbon DESE/C/ i n a -Fe.
It is confirmed t h a t t h e carbon DESE/C/ can be observed i n low o r high carbon-concentration doped i r o n (Fig.1,2,3) . I n general, t h e height of t h e DESP/C/ depends on t h e amount of p l a s t i c deformation. It can be noticed, however, t h a t t h e height of t h e DESP/C/ can reach a s a t u r a t i o n l e v e l a s shown i n Fig.4 , curve 1,2,4. It seems t h a t t h e DESP/C/ i n i r o n doped with 50 pprn of carbon (Fig.4, curve 2 
4.DISCUSSION The r e l a x a t i o n mechanism responsible f o r t h e DESE involves t h e "low-temperat u r e d i f f u s i o n of FIAs" o r r a t h e r point d e f e c t rearrangement i n t h e s t r e s s f i e l d of t h e mobile non-screw (71°) d i s l o c a t i o n s ( 4 ) . The motion of a d i s l o c a t i o n through a Snoek atmosphere ( e l a s t i c a l l y polarized atmosphere of FIAs i n t h e s t r e s s f i e l d of a d i s l o c a t i o n ) l e a d s to t h e DESE. However, a t present s t a g e of i n v e s t i g a t i o n t h e mode of d i s l o c a t i o n movement is not precised. Not only is t h e DESE observed i n f r e s h l y deformed i r o n but a l s o t h e Snoek e f f e c t , a n o t i c e a b l e i n c r e a s e i n t h e frequency independent I F background, and d i s l o c a t i o n pinning. What is p a r t i c u l a r l y d i s t u r b i n g i n t h e i n v e s t i g a t i o n of t h e DESE/C,N/ is t h a t , depending on d i f f e r e n t experimental conditions and d i f f e r e n t i n i t i a l s t a t e of t h e sample (41, t h e f o u r above mentioned processes ,can occur simultaneously a t d i f f e r e n t strength. A d e t a i l e d discussion on t h i s t o p i c w i l l be published elsewhere (11).
The influence of CW a t FI T on t h e DESE/C/ is shown i n Fig. 4 ; a l i n e a r s t a g e and t h e s a t u r a t i o n s t a g e can be observed. The l i n e a r p a r t was reported by Magalas (7) i n Fe-C/1000 ppm/ a l l o y c o n t a i n i n g 8 0 pprn of carbon i n s o l i d s o l u t i o n . The s a t u r a t i o n phenomenon was observed by Stephenson and Conard (8) i n Fe containing 10 pprn of C and 10 pprn of N i n s o l i d s o l u t i o n , and a l s o by Magalas a f t e r CW of Fe-C/1000/ i r o n which had been aged a t 673 K before deformation ( 4 ) . A f t e r d i f f e r e n t amounts of p l a s t i c deformation, t h e peak temperature of t h e DESE/C/ remains constant. Also, t h e peak height does not depend on t h e t o t a l amount of p l a s t i c deformation, which is i n c o n t r a s t t o t h e Snoek-KSster r e l a x a t i o n i n bcc metals. A s discussed previously ( 1 , 4 ) , t h e enhancement of t h e Snoek e f f e c t is more s i g n i f i c a n t f o r low concentrations of FIAs. I n consequence, t h e r e l a x a t i o n s t r e n g t h of t h e DESP i s always important i n i r o n doped with low concentrations of FIAs, even i n t h e case of small p l a s t i c deformation. According to Ogurtani and Seeger (21, t h e r e l a x a t i o n s t r e n g t h of t h e DESE i n a homogeneous, d i l u t e d a l l o y , C,<<1 should be proportional t o t h e concentration of FIAs i n s o l i d s o l u t i o n C,. It had previously been mentioned (1,4) t h a t t h i s r e l a t i o n s h i p is not experimentally confirmed. However, t h e up-dated non-linear theory of t h e DESE due t o Ogurtani and Seeger (12) w i l l take i n t o account t h e i n t e r a c t i o n energy between d i s l o c a t i o n s and FIAs. This t h e o r e t i c a l approach should lead t o t h e concept of t h e s a t u r a t e d Snoek atmosphere and t h e s a t u r a t i o n l e v e l of t h e DESE, a s i t is experimentally observed i n Fe-C a l l o y s , s e e Fig.4 .
It i s expected t h a t t h e Snoek e f f e c t due t o carbon i n s o l i d s o l u t i o n f a r away from t h e mobile d i s l o c a t i o n s can c o n t r i b u t e to t h e I F only i n t h e case of high carbon
concentrations. The contribution of t h i s p a r t being too small f o r i r o n containing low concentrations of carbon atoms. This e f f e c t can explain t h e d i f f e r e n c e i n t h e s a t u r a t i o n l e v e l of t h e DESE/C/ ( s e e Fig.4) . A s shown i n Fig.1,2,3 t h e l e v e l of I F background is markedly changed i n f r e s h l y deforaed iron. The frequency independent I F background is probably connected with t h e motion of f r e e d i s l o c a t i o n s loosely i n t e r a c t i n g with FIAs. The v a r i a t i o n of t h e I F background due t o successive annealings a t 305 K i s demonstrated i n Fig.3 . It can be concluded t h a t t h e low-temperature a n n e a l i n g caused a d e c r e a s e of t h e IF background without any evolution of t h e r e l a x a t i o n s t r e n g t h of t h e carbon DESP/C/.
A s already mentioned, v i r t u a l l y t h e presence of carbon p r e c i p i t a t e s can modify t h e contribution of t h e f o u r , above mentioned, components t o t h e IF. I n f a c t , p l a s t i c deformation may cause a d i s s o l u t i o n of carbon p r e c i p i t a t e s and can i n c r e a s e t h e concentration of FIAs i n s o l i d solution. However, t h e s t r o n g e s t argument i n favour of t h e DESE i s t h a t t h e DESP/C/ is observed i n f r e s h l y s a t u r a t e d , deformed i r o n and i n deformed i r o n containing a l a r g e amount of carbon p r e c i p i t a t e s .
It seems c l e a r t h a t t h e DESE should be a common a n e l a s t i c r e l a x a t i o n i n bcc m e t a l s c o n t a i n i n g heavy FIAs i n a s i m i l a r way t o t h e Snoek-KZjster r e l a x a t i o n .
However, a word of caution is needed, s i n c e i n t h e case of Nb-0 i t turned out t h a t t h e oxygen pick-up appeared to modify t h e oxygen Snoek peak (9). The e f f e c t of enhancement of t h e oxygen Snoek peak i n Nb-0 was o r i g i n a l l y i n t e r p r e t e d i n terms of t h e influence of p l a s t i c deformation or/and annealing treatment (13) on t h e Snoek e f f e c t and l e d t h e authors t o t h e i d e a of t h e oxygen DESE/O/ i n Nb-0 a l l o y s (10,13). Thus, t h e experimental to-date r e s u l t s f o r Nb-0 a l l o y s cannot support t h e notion f o r t h e existence of t h e oxygen DESE/O/ i n Nb-0 a l l o y s doped with comparatively high c o n c e n t r a t i o n s o f oxygen /965,930,190,100,70 ppm (9,10)/. The r e s u l t s o f t h e influence of p l a s t i c deformation on t h e oxygen Snoek e f f e c t i n Nb-0 a l l o y s should, therefore, be c a r e f u l l y reexamined. According t o t h e experimental d a t a collected s o f a r f o r Fe-C and Fe-N a l l o y s , and confirmed i n t h e present paper, t h e manifestation of t h e DESE/C,N/ i n a -F e is indisputable. Further work on t h e carbon DESE/C/ i n high p u r i t y Fe-C a l l o y s i s i n progress.
5.CONCLUSIONS
Summarizing t h e experimental r e s u l t s presented i n t h i s paper, we f i n d t h a t a l l t h e observations a r e c o n s i s t e n t with t h e concept of t h e Dislocation-Enhanced Snoek Effect -DESE i n i r o n (1,4,7) . The p l a s t i c deformation a t room temperature c a u s e s a transformation of t h e carbon Snoek peak i n t o a broad carbon DESP/C/ occurring a t n e a r l y t h e same temperature a s t h e carbon Snoek peak i n d -F e . It i s t e n t a t i v e l y suggested t h a t t h e DESE i s due t o t h e movement of non-screw (TI0) d i s l o c a t i o n s c o n t r o l l e d by t h e Snoek-type r e l a x a t i o n of f o r e i g n i n t e r s t i t i a l atoms. The asymmetry and t h e i n s t a b i l i t y of t h e carbon DESE/C/ a r e s t a t e d t o be explained by t h e d i f f u s i o n of carbon atoms. The d e t a i l e d model of t h e r e l a x a t i o n mechanism f o r t h e DESE/C,N/ i n i r o n is under consideration and w i l l be reported l a t e r . The carbon DESP/C/ after 14% CW at RT (curve 2,2*). IF after annealing at 690 K (curve 3,3*).
TENP , (K) Fig. 2 . The carbon Snoek peak in high purity iron doped with 50 ppm of carbon (sample B) after saturation from 720°C (curve l,ll). The carbon DESP/C/ after 10% CW at RT (curve 2,2*). IF after annealing at 690 K (curve 3,3'). COLD WORK ( % )
